We investigate the potential of the pp → γγγ + X process to probe CP-conserving and CP-violating respectively.
I. INTRODUCTION
The investigation of the Higgs sector of Standard Model (SM) responsible to the mechanism of the electroweak symmetry breaking has became an attraction point in particle physics after the ATLAS and CMS collaboration's discovery of a scalar particle with 125 GeV which is compatible with predicted Standard Model (SM) Higgs boson [1, 2] . Thus, the precision measurements of the Higgs couplings have a great potential to shed light on the new physics beyond the SM involving massive particles that are decoupled at energy scales much larger than the Higgs sector energies.
One of the well-known investigation method looking for a deviation from SM is the Effective Field Theory (EFT) approach which is based on new physics effects described by a systematic expansion in a series of high dimensional operators beyond the SM fields as well as SM operators [4, 5] .
Since the dimension-6 operators match to ultraviolet (UV) models which are simplified by the universal one-loop effective action, they play an important role in the EFT framework. There have been many studies on EFT operators between Higgs and SM gauge boson via different production mechanism at hadron colliders [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Among the production mechanisms in the hadron colliders, having triphoton in the final state provides an ideal platform to search for deviations from SM since it is rare in the SM and involves only pure electroweak interaction contributions at tree level [22] [23] [24] . The triphoton can be produced in hadron-hadron collisions either in the hard interaction via annihilation of an initial state quark-antiquark pair which is called direct production or from the fragmentation of high p T parton which is called fragmentation process. Since photons produced via direct production are typically isolated, requiring isolated photons will reduce the background contributions from the decays of unstable particles such as π 0 → γγ and suppress the signal process with one or more fragmentation photons.
One of the future project currently under consideration by CERN is the Future Circular Collider (FCC) facility which would be built in a 100 km tunnel and designed to deliver pp, e + e − and ep collisions [25] . The FCC facility which has the potential to search for a wide parameter range of new physics is the energy frontier collider project following the completion of the LHC and High-luminosity LHC physics programmes. FCC-hh, one of the unique option of FCC, is designed to provide proton-proton collisions at the proposed 100 TeV centre-of-mass energy with peak luminosity 5 × 10 34 cm −2 s −1 [26] .
In this study, we investigate the potential of the process pp → γγγ + X at FCC-hh in the existence of anomalous Higgs boson couplings at Hγγ and HZγ vertices. Description of the SM EFT Lagrangian is given in the next section. Details of the analysis including event generation, detector effects and event selection as well as statistical method used to obtain the limits on the anomalous Higgs-neutral gauge boson couplings are illustrated in section III. Our results for integrated luminosity of 10 ab −1 is presented and discussed in the last section.
II. EFFECTIVE OPERATORS
The most general form of effective Lagrangian including dimension-6 operators of the Strongly Interacting Light Higgs (SILH) as well as SM is given as follows;
wherec i andc i are normalized Wilson coefficients of the CP-conserving and CP-violating interactions, respectively. In this work, we focused on the CP-conserving and CP-violating interactions of the Higgs boson and electroweak gauge boson in SILH basis as described in Ref. [27] . The CP-conserving part of the effective Lagrangian is
where Φ is Higgs sector contains a single SU (2) L doublet of fields; λ is the Higgs quartic coupling;
g , g and g s are coupling constant of The effective Lagrangian in SILH basis can be expanded to involve the extra CP -violating operators defined as,
are the dual field strength tensors.
The SILH bases of CP-conserving and CP-violating dimension-6 operators given in Eq.2 and Eq.3 can be defined in terms of the mass eigenstates after electroweak symmetry breaking. The
Lagrangian with the relevant subset of anomalous Higgs and neutral Gauge boson couplings in the mass basis for triphoton production as follows
where Z µν and F µν are the field strength tensors of Z-boson and photon, respectively. The effective couplings in gauge basis defined as dimension-6 operators are given in Table I in which a H coupling is the SM contribution to the Hγγ vertex at loop level. 
This parametrization [27] based on the formulation [28] is not complete [29, 30] since it chooses to remove two fermionic invariants while retaining all the bosonic operators. However, this choice assumes completely unbroken U(3) flavor symmetry of the UV theory and flavor diagonal dimensionsix effects. At the end, we only claim a sensitivity study forc HW ,c HB ,c γ ,c HW ,c HB andc γ couplings and do not consider higher order electroweak effects.
Our study is based on the Monte Carlo simulations with leading order in MadGraph5_aMC@NLO v2.6.3.2 [31] involving effect of the dimension-6 operators on triphoton production mechanism in pp collisions. The effective Lagrangian of the SM EFT in Eq. (4) is implemented into the MadGraph5_aMC@NLO using FeynRules [32] and UFO [33] framework. The triphoton process is sensitive to Higgs-gauge boson couplings; g hγγ and g hzγ , and the couplings of a quark pair to single Higgs field;ỹ u ,ỹ d in the mass basis. On the other hand, this process is sensitive to the eight Wilson coefficients in the gauge basis:c W ,c B ,c HW ,c HB ,c γ ,c HW ,c HB and c γ related to Higgs-gauge boson couplings and also effective fermionic couplings. Due to the small Yukawa couplings of the first and second generation fermions, we neglect the effective fermionic couplings. We setc W +c B to zero in all our calculations since the linear combination ofc W +c B strongly constrained from the electroweak precision test of the oblique parameters S and T . Fig.1 shows the cross sections of pp → γγγ + X process as a function of CP-conservingc HW ,c HB ,c γ couplings on the left panel and CP-violatingc HW ,c HB andc γ couplings on the right panel. The photon transverse momentum grater than 15 GeV is required to calculate cross sections. In this figure, one of the effective couplings is non-zero at a time, while the other couplings are fixed to zero. One can easily see the deviation from SM forc γ andc γ couplings even in a small value region for pp → γγγ + X process. Therefore, we will only consider these couplings in the detailed analysis including detector effects through pp → γγγ + X process at FCC-hh with 100 TeV center of mass energy in the next section.
III. SIGNAL AND BACKGROUND ANALYSIS
We perform the detailed analysis ofc γ andc γ effective couplings via pp → γγγ + X process for signal including SM contribution as well as interference between effective couplings and SM contributions (S + B SM ). We consider the relevant background has the same final state of the considered signal process including only SM contribution (B SM ). The generated signal and SM background events at parton level in T . In order to obtain best kinematic cuts to select the signal and background events, transverse momentum (p γ T ) and pseudo-rapidity (η γ ) of the first (the second) leading photon versus invariant mass of two leading photons for signalc γ =0.05 andc γ =0.05 and relevant SM Background are plotted in Fig. 2 (Fig. 3) , respectively. Comparing signal and SM background distributions indicates that p 
Higgs-reconstruction 120 GeV < m γγ < 128 GeV of Higgs mass as seen in Fig. 2 and Fig. 3 . In order the prevent distortion of the low end of the invariant mass spectrum of two photon, we use the thresholds in p T /m γ 1 γ 2 rather than fixed cut in p T . Therefore, we apply p
/m γ 1 γ 2 to be grater than 1/3 (1/4) in addition to fixed cut on the transverse momentum of the third leading photon p
T > 12 GeV. The minumum distance between each photon is required to satisfy ∆R(γ i , γ j ) = (∆φ γ i ,γ j ]) 2 + (∆η γ i ,γ j ]) 2 1/2 > 0.7 where ∆φ γ i ,γ j and ∆η γ i ,γ j are azimuthal angle and the pseudo rapidity difference between any two photons. The invariant mass of three-photons versus invariant mass of two photons for signalc γ =0.05 andc γ =0.05 and relevant SM Background are shown in Fig.4 . We also apply m γ 1 γ 2 γ 3 > 120 GeV to exclude distortion of the low end of the invariant mass spectrum of two photon. After all mention kinematic cuts, the reconstructed invariant mass of two leading photons is presented for signalc γ =0.05 and c γ =0.05 and relevant SM Background in Fig.5 . Finally, events in which reconstructed invariant mass from two leading photons is in the range of 120 GeV < m γγ < 128 GeV are used to obtain limits on the anomalous Higgs effective couplings. Summary of the cuts used in the analysis is given in Tab.II.
The sensitivity of the dimension-6 Higgs-gauge boson couplings in pp → γγγ + X process by applying χ 2 criterion. The χ 2 function is defined as follows
where N N P i is the total number of events in the existence of effective couplings (S) , N B i is number of events of relevant SM backgrounds in ith bin of the invariant mass distributions of reconstructed Higgs boson from two leading photon. In this analysis, we focused onc γ andc γ couplings which are the main coefficients contributing to pp → γγγ + X signal process. and 3000 fb −1 , respectively.
IV. CONCLUSIONS
We have investigated the CP-conserving and CP-violating dimension-6 operators of Higgs boson with other SM gauge boson via pp → γγγ + X process using an effective Lagrangian approach at 
